Strains of Newcastle disease virus (NDV), which were good or poor inducers of interferon in chick cells, occurred in all virulence groups of this virus. Mesogenic and velogenic strains which killed the embryo rapidly were better interferon inducers in embryonated egg than were the lentogenic strains. Identical and low sensitivities to interferon were shown by an interferon-inducing vaccine strain and a non-inducing and highly virulent strain. Measurements made when various strains were used to infect either normal or interferon-pre-treated cells showed that the absence of interferon production was not due to the inhibitory effect of virus infection on cellular protein synthesis. It is suggested that infective NDV synthesizes two kinds of inhibitory protein during infection. One of these inhibits the synthesis of the interferon protein and in consequence the majority of strains do not induce interferon in chick cells. The second protein is induced mainly by mesogenic and velogenic strains and may be responsible for inhibiting cellular protein synthesis.
INTRODUCTION
Many strains of NDV are available for studies on factors related to the expression of virulence. Of the many properties of various strains of NDV, only syncytia formation (Reeve & Alexander, I97O) and plaque production (Schloer & Hanson, t968 ) show correlation with virulence. It has been suggested for several other viruses that interferon may play a role in the expression of virulence (Friedman, Rabson & Kirkham, I963; Sellers, ~963; Finter, I964; Mirchamsy & Rapp, I969) . Earlier studies with several strains of NDV in cell culture and in eggs revealed no differences in induction of interferon (Baron, I964; Zhdanova & Mentkevich, ~969) , although interferon production in chickens was found to be related to virulence (Lomniczi, I97oa, b) . It is known that NDV is a poor inducer of interferon in chick cells, unless the virus is irradiated by u.v. light (Ruiz-Gomez & Isaacs, ~963; Ho, I964). Gandhi & Burke (197o) explained the absence of interferon production by unirradiated NDV in terms of the inhibition of cellular RNA and protein synthesis, while others (Thacore & Youngner, I97O; Wertz & Youngner, I97O ) found no such correlation. Since NDV strains of different virulence show dissimilar effects on cellular protein synthesis (Reeve et al. I97I ; Moore, Lomniczi & Burke, I972) , an investigation was made on NDV-induced interferon synthesis in chick cells and on the possible relationship between virulence and interferon production.
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METHODS

Cells and media.
Primary chick embryo cells and media were as described by Lomniczi & Burke (197o) .
Viruses. The NDV strains Ulster, Queensland, Texas GB and Hefts 33 were kindly supplied by T. H. Pennington, St Thomas's Hospital Medical School, London; strains designated NDV-I to 18 were obtained from K. Bamberger, Veterinary Medical Research Institute, Budapest (Dr6n & Bamberger, 1967) ; strains Mc, Sz and Bes were isolated in Hungary (B. Lomniczi, unpublished results). The origin of the remaining strains has been described (Lomniczi, i97oa ) . The strain ts + (Tan, Sambrook & Bellett, 1969) of Semliki Forest virus (SFV) was obtained from F. Fenner, The John Curtin School of Medical Research, 'Australian National University, Canberra. Sindbis virus was supplied by H. Libikov~,, Institute of Virology, Czechoslovak Academy of Sciences, Bratislava.
The classification of NDV strains is based on the mean death time for embryos following inoculation of the minimum lethal dose of the virus, on the intracerebral pathogenicity index in 1-day-old chickens and on the intravenous pathogenicity index in 6-week-old chickens. These procedures are described in detail in Methods for the Examination of Poultry Biologics (1963) .
Viruses were propagated as described previously (Lomniczi, 197oa; Lomniczi & Burke, 197o) . NDV strains were inactivated by u.v.-irradiation according to Gandhi & Burke (197o) .
i :~ Production of interferon for pre-treatment of cells. About 25 × lO 6 chick cells seeded in 8 x I3cm flat bottles were infected with 25 × lO T p.f.u, of SFV. The virus was allowed to adsorb for 3o min at 36°C, the ceils were washed three times, covered with medium 199 containing I ~ calf serum, incubated for 2 h at 36 °C and then for IO h at 42 °C. Under such conditions there was interferon production but no virus growth (Skehel & Burke, 1968) . Interferon production with NDV was at 39 °C, as in growth experiments. After harvesting the medium, it was inactivated at 65 °C for 3o min and stored at -20 ° C.
Interferon pre-treatment of cells. Prior to seeding, 8o international units (iu)of interferon were added to the cell suspension and cells were used 18 to 2o h later. Each Petri dish contained 6 × lO s treated or control cells.
Titration of interferon. This was as described by Lomniczi & Burke (197o) . A rapid test based on inhibition of c.p.e, of SFV was also employed. Wassermann tubes, containing 8 x io 5 chick cells on the bottom, were treated for 8 h with dilutions of interferon samples, infected with about 5oo p.f.u, of SFV and read after 24 to 3o h. The interferon activity is expressed as the reciprocal of the highest dilution giving 50 ~ survival of the cells (TCPDs0). An internal standard was included in each titration and all results are quoted as activities in iu related to Research Standard A Chick Interferon 62/4, kindly provided by the Medical Research Council, London.
Growth curves and virus titrations. 6 x io ~ cells were seeded into glass Petri dishes (Anumbra) and infected with o'5 ml of the virus sample, allowed to adsorb at room temperature for 45 min, washed four times, covered with 2 ml of Hanks's solution containing I ~ calf serum and incubated at 39 °C. Two Petri dishes were removed from the incubator at intervals and media collected. Intracellular virus was released by sonic treatment. Samples were then titrated by plaque assay after incubation for three days.
Measurement of virus RNA and cellular protein synthesis. This was as described by Lomniczi & Burke (I97O) .
Interferon production by ND V strains 307 16o * Monolayers were infected by 50 p.f.u./cell; c.p.e, was measured at 22 h, interferon samples were taken at 22 h post-infection.
t Eggs were inoculated with I& p.f.u, of virus and allantoic fluids were harvested at times indicated on the Table. RESULTS
Production of interferon in chick cells and in eggs
A total of 26 strains of NDV, of different virulence, were examined for interferon production. In chick cell monolayers a majority of the fully virulent or velogenic strains regularly stimulated low levels of interferon (Table I) . These strains (Vad-Ph, NDV lO-15) had been passed up to five times in eggs since their isolation, whereas the other virulent strains, which did not induce interferon, had been maintained in eggs for several years. Only three of the avirulent or lentogenic strains (Ulster, Queensland and NDV-I 8) and the mesogenic H strain were good inducers in chick cells.
Mesogenic and velogenic strains which killed the chick embryo, after administration into the allantoic cavity, were all good inducers in these experiments. Of the lentogenic strains, only those induced interferon which were active also in chick cell monolayers. Investigations into the growth and interferon induction in eggs of strains H, L and Herts 33 showed that, independently of the dose of virus inoculated, interferon appeared only after virus infectivity had reached about io s p.f.u./ml in the allantoic fluid (Table 2) .
Interferon sensitivity of NDV strains The growth of strains H and Herts 33, which produce and do not produce interferon respectively, was only slightly inhibited in interferon-treated chick cells (Fig. I) . There was negligible inhibition by interferon of the growth of NDV strain Texas GB, following infection above a multiplicity of I p.f.u./cell, but it was inhibited by up to 9 o ~ when multiplicity was reduced to below I p.f.u.]cell (Fig. 2) .
The ratio of virus yields on normal and interferon-treated cells reflects the interferon sensitivity of a particular virus to given interferon treatment. Since inhibition of virus growth by interferon was higher below than above a multiplicity of i p.f.u./cell, the geometric mean of ratios of virus yields on normal and interferon-treated cells at different multiplicity points was calculated. When examined under identical conditions, a value of 3.2 was obtained for the Texas GB strain shown in Fig. 2 , 2.6 for strain H and 2 × It ~ for Sindbis virus.
Production of interferon in interferon-we-treated cells Chick cells pre-treated with interferon furnish a suitable model for study of the conditions of appearance of NDV-induced interferon (Table 3) . Interferon production by the avirulent strains fell notably, below an input multiplicity of I p.f.u./cell, whereas interferon production by the virulent strains began to decrease only below about o.I p.f.u./cell. In interferon-treated cells, the appearance of interferon coincided with that of virus synthesis (Fig. I) .
Production of interferon with u.v.-inactivated ND V strains After u.v.-irradiation both virulent and avirulent strains of viruses are good inducers, even if a strain originally induced interferon like strains H (Table 4) . Interferon synthesis by u.v.-inactivated NDV precedes that by unirradiated virus (Fig. 3) , but the former required the presence of a minimum of about five u.v.-irradiated particles per cell to stimulate measurable interferon activity, because interferon induction failed to occur when input multiplicity was less than one u.v.-inactivated particle per cell (Fig. 2) . 
Virus RNA synthesis by NDV strains and their effect on cellular protein synthesis
As a result of either of two procedures, interferon-pre-treatment of the chick cells or u.v.-irradiation of NDV, both interferon production and inhibition of cellular protein synthesis were abolished following infection of cells by NDV strains (Tables 5 and 6 ). The avirulent strains used in this study did not inhibit measurably the protein metabolism of the cell, yet they did not induce interferon unless they were u.v.-irradiated. In contrast, strain H and 310 B. LOMNICZI also SFV stimulated interferon, although both elicited a distinct protein cut-off. However, the rate of RNA synthesis in SFV-infected chick cells in the presence of actinomycin D was about five times greater than that in NDV-infected cells (Table 6 ). It is possible that at the same level of inhibition of cellular protein synthesis, a much higher amount of virus RNA, by acting as interferon inducer, can be an advantage in overcoming the suppressing effect of cut-off on interferon production.
DISCUSSION
The interferon inducing ability of NDV strains of different virulence groups was influenced by the type of cell system employed. In more complex populations of cells (chick embryo cell culture, embryonated eggs or chickens) more strains of NDV induced interferon. 
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B. LOMNICZI While all mesogenie and velogenic strains produced interferon in embryonated egg, few lentogenic strains induced interferon in this system. In earlier studies Baron (I964) found that embryo-killing strains produced little interferon in the allantoic cavity, while lentogenic strains induced no interferon at all. However, Zhdanova & Mentkevich (I969) reported a uniform interferon induction by avirulent and virulent strains in both eggs and chick cells. In the present work with chick embryo cells infected with NDV, only 5 of 26 strains showed significant interferon production. Good inducers were found in each virulence category. The interferon sensitivity of the mesogenic, inducer strain H was found to be as low as that of the velogenic Texas GB strain that did not induce interferon. It is coneluded that the interferon induced during NDV multiplication has little bearing on the expression of virulence, because most strains do not induce interferon at all in chick cell cultures, the appearance of interferon is closely associated with virus multiplication and the interferon sensitivity of the virus is relatively low. It appears, however, that in both eggs and chickens, interferon induction was greater for virulent strains of NDV (Lomniczi, 197o a, b) .
In monolayers of chick embryo cells the explicit interferon induction by certain strains appeared to characterize the strains sufficiently to be regarded as a marker.
Although both u.v.-irradiation of virus and interferon-treatment of cells rendered the system an interferon producer and suppressed protein cut-off, factors other than the diminution of protein synthesis of the cell (Gandhi & Burke, I97o) may influence the appearance of interferon. In the present experiments avirulent strains did not stimulate interferon even if there was no cut-off, and strain H induced interferon despite the inhibition of protein synthesis due to virus infection. SFV strain ts + behaved in a similar fashion. Similar effects have been observed in NDV-infected L cells (Thacore & Youngner, 197o) and in chick cells infected with vesicular stomatitis virus (Wertz & Youngner, I97O). According to Kohno, Kohase & Shimizu (1969) , NDV virion grown in the allantoic cavity contains a heat-and acid-sensitive 'interferon inhibitor'. However, the promotion of interferon synthesis by u.v.-irradiation of NDV of any strain, and by interferon-pre-treatment of cells, suggests that two inhibitor substances may be produced in the early phase of NDV infection. One of these may inhibit interferon production while the other switches-off cellular protein synthesis. So it can be assumed that during infection with interferon-inducing strains, the first inhibitor is not synthesized. The second substance, on the other hand, is missing from cells infected with avirulent strains. The fact that interferon acts at translational level, lends further support to the suggestion that interferon pre-treatment of the cells inhibits the synthesis of some early proteins depressing cellular protein synthesis and the production of interferon in NDV-infected chick cells.
The clear multiplicity-dependent nature of interferon production by u.v.-irradiated NDV suggests that above multiplicities of one u.v.-inactivated particle per cell, either the input virus RNA itself (Gandhi & Burke, 197o) , or the products of residual virus-polymerase activity (Meager & Burke, I972) , act as inducer. Under such conditions no new polymerase arises, but a limited amount of RNA can be synthesized in cells infected with u.v.-irradiated NDV (Huppert, Hillova & Gresland, I969; Clavell & Bratt, I971 ) . The role of RNA synthesis at input multiplicities below I virus particle per cell is supported by the finding that in interferon-treated cells, infective virulent strains are better inducers than avirulent strains which synthesize less RNA in chick cells (Lomniczi, Meager & Burke, 1971 ). However, Thacore & Youngner (197o) found no correlation between RNA synthesis and interferon production in either chick or L cells.
A preliminary report of this work has been made (Lomniczi & Burke, I97I) .
